Abstract It has been claimed that inflorescences of Scabiosa tschiliensis Grunning (ST) may prevent liver diseases because of its higher chlorogenic acid. There was scant information on the phytochemical profiles and antioxidant activities of the whole plant from different growing stages. The changes of active-compounds and antioxidant activities of ST from three growing stages were studied. Total phenolic and flavonoid contents were analyzed and ranged from 0.00 to 140.03 mg GAE/g and 9.10 to 460.01 mg RE/ g, respectively. The pre-flowering stage ethyl acetate (PFSEA) fraction of ST appeared to contain the highest content of chlorogenic acid, and demonstrated the highest DPPH radical-scavenging activity with the IC 50 value of 8.47 ± 0.23 lg/mL which was nearly equal to the IC 50 value of vitamin C (7.60 ± 0.61 lg/mL). Principal component analysis suggested that the PFSEA fraction of ST might be a desirable antioxidant natural resource due to the highest potential antioxidant properties.
Introduction
Owing to the existence of phenolics and flavonoids, which have multiple pharmacological activities for their antioxidant abilities, plants have been used as good resources of natural antioxidants (Cai et al. 2004; Lin et al. 2011) . For the wide distribution, broad diversity and low toxicity, natural antioxidants in traditional Chinese medicine plants have become a hot topic recently (Andrade et al. 2011; Qin et al. 2008) . For instance, rosemary and aloe extracts are used in food industry as commercial antioxidants, due to the presence of abundant phenolics (Hu et al. 2003; Kuhlmann and Röhl 2006) .
Scabiosa tschiliensis Grunning, belonging to the Dipsacaceae family, grows on the mountains at an altitude of 300 to 1500 meters. In China, S. tschiliensis is widely distributed in the west of Hebei Province and the Inner Mongolia autonomy district. Wang et al. (2013) reported that properties of Scabiosa genus were anti-inflammation, antioxidant and enhancement of the immune and cardiovascular system. The flowers have been used to treat liver toxicity, fever, headache and other diseases in Inner Mongolia (Anonymous 1977; Wang et al. 2013) . Ma et al. (2015) reported the bioactivities and chemicals of the inflorescences of S. tschiliensis, however there was no research on antioxidant activities of whole plant of the S. tschiliensi. As we all know, the contents of effective constituents were influenced by growing stage and extraction solvent. Therefore it is necessary to estimate the quality of S. tschiliensis from different growing stages and Junli Wang, Kun Liu and Xiaoxu Li have contributed equally to this work.
Electronic supplementary material The online version of this article (doi:10.1007/s13197-017-2666-9) contains supplementary material, which is available to authorized users. 
Materials and methods

Samples
Scabiosa tschiliensis (whole plants) were gathered from Lingshan (1400-1500 msl) in the Beijing area of China, from June to October 2008, and identified by Prof. Lin Yang (College of Life and Environmental Sciences, Minzu University, China). Fresh samples were dried at ambient temperature and ground into fine powder using laboratory mill (FW100, Taisite Instrument Co. Ltd., Tianjin, China).
Chemicals
Quercitrin, ferulic acid, chlorogenic acid, isorhamnetin, vanillic acid, icariin, caffeic acid, rutin, L-epicatechin, quercetin, 2,2 0 -azinobis(3-ethyl-benzothiazoline-6-sulphonic acid) (ABTS) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) were purchased from Sigma (St. Louis, MO, USA). Ascorbic acid, dimethyl sulphoxide (DMSO), thiobarbituric acid (TBA), Folin-Ciocalteu reagent, trichloroacetic acid (TCA) and other reagents were purchased from Beijing Chemical Works (Beijing, China). All the solvents for HPLC use were of HPLC grade.
Sample extraction and fractionation
The milled whole plant of S. tschiliensis during pre-flowering stage (300 g) was extracted with 95% ethanol (5 L) for 7 days at room temperature (four times). The extract was decanted, filtered and concentrated in a rotary evaporator. The ethanol extract (EE) was further to be isolated according to our previous study (Liu et al. 2013 ) and the resulting four fractions were water (WA), n-butanol (NB), ethyl acetate (EA) and petroleum ether (PE) soluble fractions. These fractions were stored in the dark (4°C) until processing. Preparation procedures of S. tschiliensis during the other two stages were consistent with those of S. tschiliensis during pre-flowering stage (PFS). The yield was determined as follows:
Extraction yield ð%Þ ¼ Weight of dry extract Weight of dry extract Â 100 ð1Þ
Total phenolic content
The total phenolic content (TPC) was carried out in accordance with our previous study (Liu et al. 2013 ) TPC was calculated using a standard curve of gallic acid and expressed as mg gallic acid.
Total flavonoid content
The total flavonoid content (TFC) was analyzed according to our previous study (Guo et al. 2015) . TFC was calculated using a standard curve of rutin and showed as mg rutin equivalents/g of dry extract (mg RE/g).
HPLC analysis of phenolic compounds
Samples were analyzed using an analytical HPLC unit (Shimadzu) equipped with a Waters 1525 pump, a Waters 2996 PAD detector and a BDS HYPERSIL C18 column (5 lm particle size, 250 9 4.6 mm i.d. Shimadzu, Japan), material and thermostated at 25°C. The mobile phase were solvent A (acetonitrile) and solvent B (water, 2.0% formic acid). The gradient conditions were: 95-90% B in 0-20 min; 90-70% B in 20-25 min; 70-70% B in 35-50 min; 70-95% B in 50-55 min; 95-95% A in 55-60 min. Flow was adjusted to 1.0 mL/min and the injection volume was 10 lL. Chromatographic data were recorded at 280 nm. Spectral data from all peaks were collected from 200 to 600 nm. Phenolic compounds quantification was obtained by external standard calibration curves using authentic standards.
DPPH assay
The assay was carried out in accordance to our previously study (Liu et al. 2013) . Results were expressed as IC 50 values, which is defined as the concentration required to scavenge 50% of DPPH free radicals. The inhibition percentage (I%) of DPPH radical-scavenging activity of each sample was determined with the equation:
where A c is the absorbance of the control reaction, and A t is the absorbance of the test sample. All samples were analysed in triplicate.
Hydroxyl radical-scavenging activity assay
The assay was carried out in accordance to our previously study (Liu et al. 2013) . The inhibition percentage (I%) of OH radical-scavenging activity of each sample was calculated with the Eq. (2).
ABTS assay
In accordance with the method of Gursoy et al. (2009) with a slight variation, ABTS radical-scavenging activity was determined. 7.0 mM ABTS and 2.45 mM K 2 S 2 O 8 were mixed to prepare the stock solution and stored for 16 h (25 ± 2°C) in the dark. Then, the solution was diluted until an absorbance was 0.70 ± 0.02 at 734 nm. 150 lL ABTS solution was mixed with 50 lL of sample solution at difference concentrations. After reacting for 30 min (25 ± 2°C), the absorbance was measured (734 nm). The inhibition percentage (I%) of ABTS radical-scavenging activity of each sample was calculated with formula (2).
Inhibition of lipid peroxidation
The Inhibition of lipid peroxidation assay was performed in accordance with the method reported by a previous study (Tai et al. 2011 ) with some modification. Mice (25-30 g) were fasted for 16 h (25 ± 2°C; humidity: 40-60%), and decapitated. 10% homogenate (8.5 mgprot/mL) of liver tissues were prepared. 200 lL of homogenate was mixed with 100 lL of sample solution and 100 lL of 250 l M freshly prepared FeSO 4 . The mixture was fostered for 1 h (37°C). Then, 1.0 mL (0.67%, w/v) of TBA and 1.0 mL of TCA (15%, w/v) were added to the mixture, boiling in a water bath for 40 min and centrifuging at 3500 rpm for 10 min. The absorbance was measured at 532 nm. The inhibition percentage (I%) of lipid peroxidation activity was calculated with the Eq. (2).
Statistical analysis
Values are given as the mean values ± standard deviation of three measurements. One-way ANOVA was performed to test difference, followed by Tukey's HSD Test. Significance was considered with p B 0.05. Pearson's correlation test and principal comment analysis (PCA) were also performed. These analyses were carried out using SPSS v. 22.0 program (IBM Corp., Armonk, NY, USA).
Results and discussion
Extraction yields
The crude extracts yields of different materials from S. tschiliensis were in the order of: pre-flowering stage (PFS) [ flowering stage (FLS) [ fruiting stage (FRS) ( Table 1) . Among solvent-partitioned fractions, the WA fraction from S. tschiliensis (FLS and FRS) showed the highest yield followed by the NB, EA and PE fractions.
Comparative to the other fractions, the NB fractions from S. tschiliensis (PFS) showed higher yield. It indicated that the contents of the crude extracts were distributed unevenly among different growing stage and the mainly constituents of S. tschiliensis were polar compounds.
Total flavonoid and phenolic contents
As we all know, phenolic and flavonoid compounds play an important role in the antioxidant capabilities of plants (Sarikurkcu et al. 2010) . The relationship between antioxidation effects and TFC and TPC of the crude extracts and solvent-partitioned fractions of S. tschiliensis were analyzed. TPC values are displayed in Fig. 1a . TPC values of the S. tschiliensis were distributed unevenly among different growing stage. The highest amount of the TPC in the S. tschiliensis was found in the PFS (88.02 mg GAE/g), which decreased significantly (p \ 0.05) in the other two growing stages (FLS and FRS) to 55.21 and 32.43 mg GAE/g. TPC of the solvent-partitioned fractions of S. tschiliensis were ranged from 0.00 to 140.03 mg GAE/g. The result demonstrated that the decreasing order of TPC values in the S. tschiliensis at three growing stages was EA fraction, NB fraction, crude extract, PE fraction and WA fraction. Tai et al. (2011) also demonstrated that TPC of other fractions were lower than that of EA fraction from the edible flower of Sophora viciifolia.
The data from Fig. 1a also showed that the TFC of crude extracts from the S. tschiliensis were ranged from 101.23 to 240.61 mg RE/g, in the same order as TPC, and the TFC of the solvent-partitioned fractions of S. tschiliensis varied from 9.1 to 460.0 mg RE/g. The TFC of the S. tschiliensis (FLS and FRS) increased in the same order as TPC: WA fraction \ PE fraction \ crude extract \ NB fraction \ EA fraction. However the sequence of TFC of the S. tschiliensi (PFS) was not in agreement with the sequence of TPC, and the WA fraction had slight higher levels of the TFC than the PE fraction. Among all the fractions, EA fractions showed the higher TFC than other fractions. The TFC of EA fraction from Spatholobus suberectus Dunn was much higher than that of other fraction (Cheng et al. 2011) , which was in agreement with our finding in this study.
The results above implied that TPC and TFC of the crude extracts of the S. tschiliensis (PFS) were higher than those of crude extracts during the other two stages. Some studies in the literature (Gruz et al. 2011 ) also revealed that plants exhibited remarkable fluctuation in TPC at different stages. The S. tschiliensis (PFS) were collected in June at a high latitude site (1400-1500 m) that has the lowest annual average temperature among the three stages. Zhang et al. (2013) indicated that low temperature stress might increase antioxidant-activities and secondary metabolite content. The damage to cells might be caused by low temperature stress through perturbing the scavenging systems that quench oxygen and arousing reactive oxygen species (ROS). According to Pennycooke et al. (2005) , the low S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 Abbreviations: total phenolic content (TPC), total flavonoid content (TFC), 2,2-diphenyl-1-picrylhydrazyl (DPPH), hydroxide radical (OH), 2,2 0 -azinobis(3-ethyl-benzothiazoline-6-sulphonic acid) (ABTS), malondialdehyde (MDA). Vc, ascorbic acid; B, blank; S1, PFSEE; S2, PFSPE; S3, PFSEA; S4, PFSNB; S5, PFSWA; S6, FLSEE; S7, FLSPE; S8, FLSEA; S9, FLSNB; S10, FLSWA; S11, FLSEE; S12, FRSPE; S13, FRSEA; S14, FRSNB; S15, FRSWA temperature stress could cause the synthesis of certain phenolic compounds. Therefore the highest TPC and TFC of S. tschiliensis (PFS) may be caused by the low average temperature. A good correlation between the TPC and the TFC (r = 0.975, p \ 0.001) was showed. It suggested that most phenolic compounds in the fraction of the S. tschiliensis are flavonoid compounds.
Constituents comparison of S. tschiliensis from different stages
HPLC analysis of the constituents of the S. tschiliensis samples showed 6 principal compounds presenting in plant extracts (Table 2) . PFS, FLS and FRS showed similar chromatogram profile but varied in phytochemical contents. The most abundant phenolics found in the S. tschiliensis samples were chlorogenic acid, fumalic acid and rutin. Caffeic acid, icariin and quercitrin were at lower concentrations, and caffeic acid and quercitrin were not detected in FRS (Table 2 ). The highest content of chlorogenic acid was in PFS followed by FLS and FRS. The most abundant compound was fumalic acid from 10.30 ± 0.61 to 15.41 ± 0.84 mg/g. The second higher content component was rutin from 3.45 ± 0.16 to 15.02 ± 0.9 mg/g. Among samples at different stages, the PFS has the highest contents of chlorogenic acid, fumalic acid and rutin with 26.81 ± 0.62, 15.41 ± 0.84 and 15.02 ± 0.95 mg/g, respectively. The annual average precipitation and temperature of PFS are lower than those of other stage samples, which cause the accumulation of phenolic compounds. Chlorogenic acid, with higher content than other compounds (Table 2) , might be the main active compound, and the content of chlorogenic acid in S. tschiliensis (PFS) is higher than the values found in the literatures (Mudge et al. 2016) , which is also higher than the values in the inflorescences of S. tschiliensis reported by Ma et al. (2015) . Thus, S. tschiliensis (PFS) is an important natural plant resource of chlorogenic acid.
The highest contents of chlorogenic acid and rutin were 45.35 ± ± 2.6 and 54.8 ± 3.1 mg/g in PFSEA sample. According to Narita and Inouye (2015) , the average content of chlorogenic acid in 12 commercial roasted coffee beans was 26.6 mg/g, so the chlorogenic acid in PFSEA is 1.7 times the value found in the literature. Meanwhile, the content of rutin in PFSEA sample is higher than the value in buckwheat and Amaranthus paniculatus leaves showed in Kraujalis et al. (2015) and Kreft et al. (2006) . Both chlorogenic acid and rutin have antioxidant, anti-inflammatory, anti-diabetic, and neuroprotective effects (Chua 2013; Marques and Farah 2009; Ong et al. 2013) . Then, PFSEA sample might be potentially applied in antioxidant, anti-inflammatory, anti-diabetic, liver-protective, and neuroprotective effects.
DPPH radical scavenging activity
DPPH-radicals scavenging activity was used to evaluate the antioxidant capacities of the crude extracts and solventpartitioned fractions from S. tschiliensis. The result showed a dose-dependent DPPH-scavenging activity (5-200 lg/mL) of the crude extracts and solvent-partitioned fractions of S. tschiliensis. For further estimation of the antioxidant activity, the IC 50 was calculated. As shown in Fig. 1b , the IC 50 values of crude extracts from the S. tschiliensis were ranged from 25.68 ± 1.21 to 86.79 ± 1.29 lg/mL, and the crude Concentration unit is mg/g dry weight; result presented as mean ± SD from three replicates extracts of the S. tschiliensis (PFS) possessed the strongest DPPH-scavenging activity, showing an IC 50 of 25.68 ± 1.21 lg/mL. Crude extract of S. tschiliensis (PFS) showed significantly higher DPPH-scavenging activity than some tested herbs of Scabiosa genus, such as Scabiosa comosa (302.8 lg/mL) and Scabiosa arenaria (170 lg/mL) (Besbes Hlila et al. 2013; Hlila et al. 2015) . The results also showed that the EA fractions from S. tschiliensi possessed the strongest DPPH-scavenging activity, which was similar with the report by Besbes Hlila et al. (2013) on Tunisian Scabiosa arenaria. The EA fraction of S. tschiliensis (PFS) possessed the strongest DPPH-scavenging activity among the crude extracts and solvent-partitioned fractions, showing an IC 50 of 8.47 ± 0.23 lg/mL nearly equal to the IC 50 of Vc (7.60 ± 0.61 lg/mL). Little correlations (r = -0.574 or -0.523, p \ 0.05) were observed between DPPH-scavenging activity and TPC or TFC of the extracts. This suggested that the strong DPPH-scavenging activity of the extracts from S. tschiliensis was caused by other compounds rather than phenolic and flavonoids compounds.
ABTS scavenging activity
The ABTS Á? radical formed from the reaction ABTSe ? ABTS Á? reacts quickly with the electron/hydrogen donors to form colorless ABTS (Tai et al. 2011) , and the ABTS assay is generally applied to screen both lipophilic and hydrophilic antioxidants from vegetables, foods and fruits (Costantini et al. 2014) . As showed in Fig. 1b , significant differences among the IC 50 values of the ABTS radical scavenging abilities of all the samples were found (p \ 0.05). Meanwhile, among the crude extracts and solvent-partitioned fractions from S. tschiliensis, which showed a dose-dependent ABTS-scavenging activity (5-200 lg/mL) in Fig. 1b , the highest ABTS radical scavenging ability was showed in the EA fraction of S. tschiliensis (PFS) (IC 50 = 58.76 ± 1.78 lg/mL), and the lowest ABTS radical scavenging activities were displayed in the PE fractions. The EA and NB fraction demonstrated higher ABTS Á? scavenging activity than other fractions, which was according to the reference by Li et al. (2008) on Lysimachia clethroides. The correlations with S. tschiliensis were: r = 0.658 between ABTS Á? and TPC, r = 0.747 between ABTS Á? and TFC. The results can be concluded that the antioxidant-compounds are rich in EA and NB fraction, and the ABTS radical scavenging activity of S. tschiliensis was not limited to phenolics and flavonoids.
Hydroxyl radical scavenging activity ROS are different kinds of activated oxygen containing free radicals and nonradical species. Hydroxyl radical (OH) is one of the most important free radicals in living cells (Karuppagounder et al. 2013) . At concentration from 6.25 to 250 lg/mL, the samples also exhibited dose-dependent hydroxyl radical-scavenging activities. As shown in Fig. 1c , the IC 50 values of crude extracts from the S. tschiliensis were ranged from 206.47 to 772.45 lg/mL, and the crude extract of S. tschiliensis (PFS) possessed the strongest hydroxyl scavenging activity, showing an IC 50 of 206.47 ± 8.01 lg/mL. The EA action (PFS) showed the highest hydroxyl radical scavenging activity (67.64 ± 2.61 lg/mL), which was similar with the reference by Zhang et al. (2011) on leaves of Eucommia ulmoides Oliv. Significant correlations between the contents of antioxidant component and the IC 50 values of hydroxyl radical-scavenging activity (TPC, r = 0.881; TFC, r = 0.896; p \ 0.001) were demonstrated. The results showed that the hydroxyl radical scavenging activity of S. tschiliensis depended on the phenolic and flavonoids constituents.
Lipid peroxidation inhibition
Another parameter evaluated was the inhibitory effect of samples from S. tschiliensis tested on lipid peroxidation in rat liver microsomes exposed to oxidative stress in the presence of peroxyl radical. Our results showed (Fig. 1c ) that all samples except FRSWA provided a protective effect towards lipid oxidative damage at a dose of 0.1 mg/mL. And the NB fractions of S. tschiliensis during the three stages possessed lowest TBARS values, showing an MDA Content 0.77 ± 0.30, 0.95 ± 0.21 and 0.94 ± 0.92 nmol/mgprot, respectively. Among all the samples, NA fraction produced by S. tschiliensis (PFS) showed the highest lipid-peroxidation-inhibition activity, which is close to that of V C . Zhang et al. (2011) reported the prominent lipid-peroxidation-inhibition activity of ferulic acid, and the high content of ferulic acid could lead to the high lipid-peroxidation-inhibition activity of NB fraction of S. tschiliensis (PFS). It was observed that TBARS had a certain correlation with the content of antioxidant-compounds (TPC, r = 0.836; TFC, r = 0.775; p \ 0.001). These results suggested that the phenolic constituents of S. tschiliensis might be responsible for the lipid-peroxidation-inhibition activity.
Principal component analysis
Principal component analysis (PCA) was used as the method getting the inter-relationships overview among TFC, TPC, the measured-antioxidant activities and the contents of active-compounds. Figure 2a shows the loading plot of the first and second principal components (PC1and PC2) accounted for 64.90 and 12.66% of the variance, respectively.
It showed a well correlation between the first principal component (PC1) and TPC, TFC, OH, ABTS, CHA and rutin with the loadings 0.976, 0.947, -0.897, -0.812, 0.955 and 0.832 respectively. It also displayed the correlation with loadings of 0.652 between the second principal component (PC2) and quercitrin. Good correlations between TPC, TFC and OH were showed, which accorded with those from Pearson's correlation analysis. Moreover, DPPH, OH and ABTS radical scavenging activities and MDA content displayed similar loadings on PC 1, which showed the four properties were closely related to antioxidant activity. Moreover, phenolic compounds could be good antioxidants because of the high loadings of TPC and TFC on PC1. The content of CHA which was relevant well to OH, DPPH and ABTS radical scavenging activities and MDA content, was higher than other chemicals. Thus, chlorogenic might be the main antioxidant compound in S. tschiliensis. Furthermore, some other reports (Hernández-Herrero and Frutos 2015; Jeszka-Skowron et al. 2015 ) also showed a good antioxidant activity of rutin and this is also similar to our correlation analysis results.
PCA can also provide an overview of the similarities and differences among the 15 S. tschiliensis samples. There were positive correlations between the PFSEA fraction and PC1 and PC2, which was in the upper-right of Fig. 2b . A high content of total flavonoids and phenolics and high antioxidant activity were revealed in PFSEA. The relationships among FRSNB, PFSNB and FLSNB were close, which demonstrated that they have similar contents of total flavonoid and phenolic and antioxidant activities. PFSPE showed the largest negative value of PC 1, which demonstrated that PFSPE had the lowest contents of total flavonoid and phenolic and antioxidant activities.
Conclusion
S. tschiliensis Grunning is a kind of potentially rich plants with satisfactory health promoting properties. The contents of the crude extracts were distributed unevenly in different growing stage and the mainly constituents of S. tschiliensis were polar compounds. The PFSEA fraction showed good antioxidant activities and high total flavonoid and phenolic contents. Its IC 50 of DPPH radical-scavenging activity was 8.47 ± 0.23 lg/mL, which was nearly equal to the that of ascorbic acid (7.60 ± 0.61 lg/mL). The prominent antioxidant activities of the EA fraction from S. tschiliensis (PFS) were indicated by these results. Furthermore, six compounds of different S. tschiliensis samples were quantified. Chlorogenic acid was the most abundant components, and S. tschiliensis could be accepted as a natural plant resource of the compound. The EA fraction of S. tschiliensis (PFS) has high contents of chlorogenic acid, fumalic acid and rutin. PCA indicates that EA fraction of S. tschiliensis (PFS) with the best characters might be a desirable natural source of antioxidant. The useful information of the research could be used to the application and collection of the S. tschiliensis resource in food production.
